Watertightness Assessment of Blown-in Retrofit Cavity Wall Insulation  by Van Goethem, Stephanie et al.
1876-6102 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
doi: 10.1016/j.egypro.2015.11.012 
 Energy Procedia  78 ( 2015 )  883 – 888 
ScienceDirect
6th International Building Physics Conference, IBPC 2015 
Watertightness assessment of blown-in retrofit cavity wall 
insulation 
Stephanie Van Goethema*, Nathan Van Den Bosschea, Arnold Janssensa
a
 Ghent University, Faculty of Engineering and Architecture, Sint-Pietersnieuwstraat 41, 9000 Ghent, Belgium 
Abstract 
The Belgian building stock is characterised by a vast amount of houses with non-insulated cavity walls, creating 
high potential for blown-in retrofit cavity wall insulation. Although retrofit insulation is becoming standard practice, 
there is a prevalent uncertainty about test procedures and evaluation standards. Moreover, hardly any information is 
available on the amount of water ingress through insulated or non-insulated cavity walls. In this paper, existing test 
procedures and measured leakage rates are discussed and related to the dimensions of the cavity wall and the 
characteristics of the insulation material. 
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1. Introduction
Blown-in insulation to fill the open cavity in existing masonry walls gives way to a significant potential in respect
to energy conservation and reduction in energy use. Next to this, a vast amount of Belgian houses is characterized by 
a non-insulated cavity wall, creating high potential for blown-in retrofit cavity wall insulation. Although on average, 
cavity widths vary from 50 up to 80 mm, some buildings are characterised by a cavity width of less than 50 mm. 
According to existing standards and guidelines for cavity wall insulation, an average cavity wall dimension of less 
than 50 mm is unsuitable for retrofit insulation because of the risk for moisture occurrence. After some damage cases 
in the past, a Belgian quality control framework was introduced to guarantee proper execution and performance 
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analysis. Still, there is a prevalent uncertainty about test procedures and evaluation standards. Moreover, hardly any 
information is available on the amount of water ingress through insulated or non-insulated cavity walls. Knowing the 
degree of water infiltration could generate a reliable estimate of moisture loads inside the cavity wall and towards 
the inner masonry leaf. 
The principle of a cavity wall is based on the capacity of the exterior masonry to absorb rainfall and an open 
cavity to drain infiltrated water. Filling the cavity between the masonry leafs eliminates the drainage capacity, 
creating a potential risk for rainwater penetration. Furthermore, it could alter the effect of pressure equalization and 
have a significant effect on the overall hygrothermal behaviour of the wall assembly [1]. Whether or not water 
infiltration will occur, is dependent on the occurrence of runoff; a determining factor in the occurrence of water 
infiltration. The importance of watertightness assessment was shown by evaluating the risk of runoff on masonry and 
insulated cavity walls with a numerical simulation program [2]. 
In this study, watertightness tests are performed to assess the watertightness performance of blown-in retrofit 
cavity wall insulation. By means of laboratory tests and quantitative measurements, current guidelines and standards 
(e.g. NEN 2778 [3], ASTM E514 [4], EN 12865 [5]) are questioned and evaluated. Although existing standards and 
guidelines prescribe a minimum cavity width of 50 mm, insulated wall elements with varying cavity width are tested 
to assess both possibilities and risks of retrofit cavity insulation for cavity widths of less than 50 mm. Non-insulated 
and insulated wall elements are subjected to a series of test procedures, analysing both the reliability of existing 
standards and the amount of water penetration through cavity walls. Existing test procedures and measured leakage 
rates are discussed and related to the dimensions of the cavity wall and the characteristics of the insulation material.
2. Experimental setup
2.1. Test samples 
Figure 1a shows a section through a test sample. The test samples for these experiments are built into a plywood 
frame; the joints between the frame and the exterior surface of the masonry are sealed with EPDM-flashings. The 
net area of the test samples is 0.71m² (0.864 x 0.818m [bxh]). Each sample consists of a 90 mm brick and cement 
mortar exterior masonry leaf, an air cavity and a transparent acrylate interior leaf (PMMA) to allow for visual 
observation of water infiltration. The PMMA-sheet is perforated at 10 points in order to simulate a leakage area 
representative of an inner masonry leaf (2 m³/h/m² at 50 Pa). Water spray nozzles are mounted at the top of the test 
element to perform watertightness tests. At the bottom of the test element, two small gutters are created with an 
EPDM-membrane through which infiltrated water can be collected and drained to a water bucket. Thereby, water 
infiltration rates can be measured both in front of and behind the cavity insulation. Infiltrated water is drained from 
the gutters to two buckets, each bucket standing on a weighing scale. In this paper, the drainage of the gutters 
separately is not addressed. The amount of water being drained is measured and logged every 30 seconds.  
In order to reflect the degraded and weathered state of old masonry, the workmanship of the masonry was chosen 
to be poor. A time span of one minute between the application of the mortar layer and the next brick layer affects the 
connection between mortar and bricks and increases the risk of micro-cracks. Larger cracks were applied artificially 
and wall-ties were imitated as well. Next to the common horizontal wall-ties, also inclined wall-ties were mimicked, 
simulating poor workmanship. Figure 1b shows the location of the artificial cracks (in grey) and the location of the 
horizontal (H) and inclined (I) wall-ties.  For more information, the author refers to [6]. 
In this study, the test samples were filled with two distinctly different insulation products; in-situ formed 
polyurethane (PUR) and expanded polystyrene beads (EPS). PUR-foam creates a homogeneous layer of foam 
expanded from its liquid constituents dispensed in the cavity. EPS-beads are injected into the cavity with an 
adhesive, creating an open porous product consisting of the loosely packed EPS-pearls. The short term water 
absorption of PUR is 0.86 kg/m² with surface film (between insulation and the collecting box) and 2.42 kg/m² 
without surface film, while EPS has a short term absorption coefficient of 0.45 kg/m² [6]. 
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Table 1 shows the characteristics of the test samples. Test samples 1 to 4 are not insulated; while test samples 5 
to 8 represent cavity walls with blown-in insulation. Test sample 4 was chosen to reflect the same workmanship as 
test samples 5 up to 8. In this way, test sample 4 can act as a reference sample to compare insulated and non-
insulated test samples.     
 Table 1. Characteristics of the test samples. 
Test sample 1 2 3 4 5 6 7 8 
Workmanship Normal Normal Poor Poor Poor Poor Poor Poor 
Cracks No Yes No Yes Yes Yes Yes Yes 
Insulation product - - - - EPS EPS PUR PUR 
Average cavity width - - - - 32.9 mm 36.7 mm 30.1 mm 28.1 mm 
2.2. Test standards 
In this paper, both static and cyclic test methods are applied to assess the watertightness level of the test samples. 
Since the test conditions described in the standards correspond to low occurrence probabilities in a real climate [1], a 
Pareto test procedure is used as well. The test samples were chosen to mimic buildings with a height of 15 m, 
located in a coastal area; in order to simulate extreme weather events. 
Static test standards used for this research are NEN 2778 [3] and ASTM E514 [4]. The NEN 2778 is a Dutch 
standard to determine the watertightness level of constructions, bases on two different phases. (1) In part 1 a 
constant water spray rate and an increasing pressure difference are applied on the test sample. The maximum air 
pressure to be applied is 300 Pa. Since the described water spray rate of 500 l/h would be an extreme value for the 
current brick area, a water spray rate of 2 l/min/m² was found to be a representative value. (2) In part 2, no air 
pressure has to be applied and water is sprayed in a 10 min interval, with a water spray rate of 85 l/h. The ASTM 
E514-09 is a standard test method for determining the resistance to water penetration and leakage through masonry 
subjected to wind driven rain. During the test, a water spray rate of 138 l/h/m² should be imposed. As no pressure 
difference is specified, the test specimen should be tested at a pressure difference of 500 Pa. The water supply and 
pressure difference are to be maintained for at least 4 hours. 
A cyclic test standard used for this research is EN 12865 [5]. The European standard EN 12865:2001 is used to 
determine the resistance of external wall systems to driving rain under pulsating air pressure. The standard describes 
two procedures: one for qualitative testing (steps of 10 min after 20 min of initial wetting) and one for quantitative 
testing (steps of 60 min). In contrast with the static test standards, the pressure difference is not a constant value. 
Pressure pulses are applied in cycles of 15 seconds; going up from 0 Pa to the maximum pressure level (varying 
from 150 Pa to 600 Pa). For this research, a constant water spray rate of 2 l/min/m² was applied during the test. 
Fig. 1. (a) Section through test sample, (b) Location artificial cracks.
a b 
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During a rain event, high wind speeds are mostly accompanied by low rainfall intensity, while heavy rainfall co-
occurs with low wind speeds [1]. In order to simulate realistic climatic conditions during watertightness tests, a 
Pareto front analysis can be used to determine test parameters. Based on 10 years of 10-minute data collected in 
Uccle (Belgium), Van Den Bossche [1] developed a Pareto test sequence. This test sequence yields a more reliable 
performance assessment because it addresses different types of failure mechanisms and both static and cyclic 
conditions. The Pareto test protocol exists of 3 time periods: a 10-minute interval, a 1-minute interval and 3-second 
pressure pulses.  In a first test sequence, high water spray rates and low wind pressures are applied for all time 
periods, followed by a sequence with moderate conditions and finally, a sequence with low water spray rates and 
high wind pressures is implemented. The derived test parameters are only valid for the specific location of the 
weather station where data was collected and the specific period over which data was averaged. Hence, test 
parameters were adapted to represent rain events on a 15 m high building, located in a coastal area.
3. Results
In order to evaluate existing test procedures and measured leakage rates, a series of watertightness tests was
executed and analysed. As previously mentioned, 8 test samples (4 non-insulated and 4 insulated elements) were 
subjected to 4 existing test standards (NEN 2778, ASTM E517, EN 12865 and a Pareto procedure). Prior to the test, 
the test sample was wetted with a water spray rate of 2 l/min/m² during 20 min, in order to simulate full saturation. 
3.1. Amount of water infiltration 
The total amount of water infiltration during the test is compared to the total amount of driving rain applied on 
the test elements. Table 2 and 3 respectively show the percentage of infiltrated water throughout the test, for non-
insulated and insulated test samples and for different test methods. For the non-insulated test samples, it can be seen 
that good workmanship, represented by K1, results in the lowest amount of water infiltration. It is clear that test 
sample K4, the reference sample with cracks and poor workmanship, shows the highest amount of water infiltration 
for all test procedures. It should be noted that, although test samples K2 (cracks) and K3 (poor workmanship) are 
not well executed, the amount of water infiltration has the same order of magnitude as reported for K1. Evidently, 
the choice of test method has a significant impact on both absolute and relative infiltration. 
 Table 2. Percentage of water infiltration: non-insulated test samples. 
Test sample NEN 2778 ASTM E514 EN 12865 Pareto 
K1 21.97% 23.80% 14.63% 28.22% 
K2 22.22% 30.77% 13.72% 24.40% 
K3 23.26% 38.75% 18.78% 33.82% 
K4 52.32% 45.60% 33.57% 55.29% 
Results for insulated test samples are compared to those of reference test sample K4. Although EPS shows a 
lower capillary water absorption, the amount of water infiltration is not necessarily reduced. Because of the wide 
pores remaining between the loosely packed EPS-beads, the cavity fill has a high permeability which allows for 
liquid water transfer under the influence of gravity and pressure difference during the test. On the other hand, the 
lower permeability of the homogeneous PUR-foam does result in minor liquid water transfer. Limited amounts of 
infiltrating water can be observed for the test elements insulated with PUR. 
 Table 3. Percentage of water infiltration: insulated test samples. 
Test sample NEN 2778 ASTM E514 EN 12865 Pareto 
K5 (EPS) 42.06% 79.89% 32.61% 49.82% 
K6 (EPS) 51.69% 63.99% 44.11% 45.15% 
K7 (PUR) 0.63% 2.54% 0.90% 2.36% 
K8 (PUR) 0.20% 1.20% 0.28% 1.56% 
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3.2. Evaluation of test standards 
To evaluate the watertightness of blown-in retrofit cavity wall insulation, a realistic and reliable evaluation 
method is required. As a first step, static and cyclic test methods are compared. Secondly, the impact of water spray 
rate and pressure difference is investigated.  
Lacasse et al. [7] conducted static and cyclic watertightness tests on four masonry wall assemblies: cyclic test 
results showed less water entry at given mean pressures as compared to those obtained for testing under static loads.
In this research, both non-insulated and insulated test elements were submitted to static (NEN 2778) and cyclic (EN 
12865) test procedures. At a mean pressure difference of 300 Pa, the infiltration rate for each test element is listed in 
Table 4. For non-insulated cavity walls, it is clear that cyclic tests show less water infiltration at a given mean 
pressure, as compared to those obtained for testing under static loads. On average, the water infiltration rate in cyclic 
tests is reduced by 36%. This trend cannot be easily discerned for the insulated test samples. For K5 and K7, less 
water will infiltrate during the cyclic test procedure; whereas for K6 and K8, static and cyclic test protocols render 
similar results. These results underline the sensitivity of the results to the test method. 
 Table 4. Water infiltration rates for non-insulated and insulated test samples at a pressure difference of 300 Pa. 
Test sample NEN 2778 EN 12865 Test sample NEN 2778 EN 12865 
K1 0.66 l/min 0.353 l/min K5 (EPS) 1.142 l/min 0.765 l/min 
K2 0.461 l/min 0.290 l/min K6 (EPS) 0.979 l/min 1.007 l/min 
K3 0.517 l/min 0.408 l/min K7 (PUR) 0.0195 l/min 0.014 l/min 
K4 1.278 l/min 0.780 l/min K8 (PUR) 0.0097 l/min 0.0096 l/min 
Figure 2 shows the infiltration rate as a function of pressure difference for all test samples and for different test 
procedures. Firstly, non-insulated test samples were analysed to investigate the influence of workmanship on 
watertightness performance. The results for K1, K2 and K3 are fairly similar; whereas the poor workmanship of 
sample K4 already entails high infiltration rates at low pressure differences. Secondly, when comparing the 
infiltration rate at a given mean pressure for an EPS- and a PUR-insulated test sample, it is evident that a test 
element insulated with EPS is more susceptible to water infiltration than a test element insulated with PUR-foam. 
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Fig. 2. Relation between pressure difference and infiltration rate
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In general, the water infiltration rate will increase for an increasing pressure difference. For all test samples, 
except for K7 and K8, water infiltration starts at a pressure difference of 0 Pa; which indicates that the water spray 
rate and the occurrence of runoff are the predominant parameters for water infiltration. Since the masonry wall was 
saturated at the beginning of every test, water starts running down the masonry immediately, entailing a hydrostatic 
pressure on the wall and pushing water through the cracks towards the cavity. Although existing standards currently 
assume that air pressure difference is the most important parameter for water infiltration, these results indicate that 
this is not necessarily the case. When comparing test protocols, a distinct difference can be seen between the results 
derived from the NEN 2778 and the EN 12865 test sequences, except for test sample K6. Both graphs follow the 
same upward trend for test sample K6, indicating it is not affected by pressure pulsations during the cyclic test 
procedure.  As indicated in Table 3, the ASTM test protocol results in high water infiltration rates for test samples 
insulated with EPS-beads. However for test sample K5, infiltration rates during cyclic (EN 12865) procedures at 600 
Pa are lower as compared to infiltration rates during the ASTM procedure at 500 Pa; also indicating that air pressure 
difference is not always the dominating parameter in watertightness tests. 
4. Conclusions
In this study, a series of watertightness tests was performed on insulated and non-insulated cavity walls to assess
the watertightness performance of blown-in retrofit cavity wall insulation for cavity widths smaller than 50 mm. 
This was done in a series of laboratory tests in which 4 non-insulated and 4 insulated test samples were subjected to 
a water spray rate and pressure difference defined by 4 test standards. The performance of non-insulated test 
samples was compared to investigate the influence of workmanship on watertightness; again showing the 
importance of good workmanship. Subsequently, when comparing the amount of water infiltration for insulated test 
samples to the results of non-insulated test sample K4, it was found that cavity wall insulation does not necessarily 
result in a lower water infiltration rate. Test samples insulated with PUR-foam almost eliminated water ingress, 
whereas samples with EPS-beads showed a high rate of water ingress into the cavity. 
It was concluded that the air pressure difference is not always the dominating parameter in watertightness tests. 
The influence of the water spray rate and runoff due to saturation of the masonry wall should be taken into account 
when developing a reliable and realistic test protocol.  
Finally, it should be noted that the test conditions imposed in this research relate to extreme rain events that have 
a low probability of occurrence. By consequence, the test results only provide some insights in terms of water loads 
in the cavity, and as such do not allow to assess to what extent a specific wall is appropriate for a specific climate. In 
future analysis, tests on wall samples with mineral wool are planned, the infiltration rates will be used as source 
terms in hygrothermal simulations to evaluate the wetting and drying behaviour of walls, and the insulation of very 
slender wall cavities will be evaluated as well. 
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